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Description 

ADAPTIVE COLLISION LOAD PATH 
MODIFICATION SYSTEM FOR VEHICLE 
COLLISION COMPATIBILTY 

Background of Invention 

[0001] The present invention claims priority from U.S Provisional 
Application Serial No. 60/432,973, entitled "Adaptive 
Stiffness for Vehicle Compatibility in Frontal Crashes", 
filed December 13, 2002. 

[0002] The present invention relates generally to collision detec- 
tion systems and countermeasure systems. More particu- 
larly, the present invention relates to a system and 
method of adaptively adjusting collision load paths of a 
vehicle for vehicle collision compatibility during a collision 
event. 

[0003] Various sensing systems currently exist for performing 
collision detection and countermeasure system opera- 
tions. These operations can include collision and object 
detection, as well as object classification, tracking, and 



relative distance and velocity estimation. The stated oper- 
ations may also include the rotation of vehicle wheels or 
collapsing of a steering system to adjust vehicle stiffness 
during a collision event. 

[0004] Collision detection, warning, and countermeasure systems 
exist in various passive and active forms. Some counter- 
measure systems are used to aid in the prevention of a 
collision, others are used to aid in the prevention of injury 
to a vehicle operator. The countermeasure systems may 
provide a vehicle operator knowledge and awareness of 
vehicles and objects that are within a close proximity of 
the host vehicle to prevent colliding with those objects. 
The countermeasure systems may activate various re- 
straint systems. The countermeasure systems may also 
adjust vehicle stiffness in order to modify the amount of 
energy absorbed during a collision and thus prevent or 
mitigate an injury to a vehicle occupant. 

[0005] In vehicle frontal collisions, vehicle occupant injuries de- 
pend upon a number of factors, such as the mass, stiff- 
ness, velocity, and heading, of the host vehicle and the 
object collided therewith, as well as the effectiveness of 
any occupant restraint systems. Whether the object being 
collided with is for example, a large rigid object, a small 



deformable object, a pole, a pedestrian, an animal, a mo- 
torcycle, or other object has a significant affect on the oc- 
currence and degree of occupant injury. When the host 
vehicle is involved in a head-on collision with an object, 
the collision type, namely whether the collision is a full 
overlap or a partial overlap collision, also has a significant 
effect on the nature and magnitude of the occupant in- 
juries. 

[0006] Front-end vehicle structures and occupant restraint sys- 
tems are generally developed to provide optimum protec- 
tion to the vehicle occupants under a number of different 
scenarios. The vehicle structures and the restraint systems 
are designed and tuned to provide protection for unbelted 
occupants at low speeds and for belted occupants at high 
speeds. Also, the vehicle structures and restraint systems 
are developed to provide effective occupant protection 
under angular and offset collisions. Offset collisions may 
involve different overlaps with both rigid and deformable 
objects. 

[0007] Currently, a vehicle front structure is designed to have a 
particular stiffness. The term "vehicle front structure" 
refers to the portion of the vehicle forward of the occu- 
pant compartment. This stiffness exists independently of 



the traveling speed of the vehicle and the relative speed of 
the object collided therewith, as well as the type of object 
involved in the collision and the collision type. 

[0008] In general, increased front structure stiffness results in 
higher energy absorption at higher collision velocities, 
and consequently results in lower occupant injury num- 
bers, such as lower head injury criterion (HIC)s numbers 
and chest deceleration values. Although an increase in 
structural stiffness can improve energy absorption during 
high velocity collisions, an increase in structural stiffness 
can result in uncollapsable structures at low speeds. The 
inability of the structures to collapse at low speeds can 
result in the transfer of increased forces to the occupant 
compartment and thus the vehicle occupants. 

[0009] Current collision detection, warning, and countermeasure 
systems are limited in their ability to adjust stiffness of a 
host vehicle front structure and are incapable of account- 
ing for various host vehicle and object traveling speeds, 
object types, and collision types. Thus, there exists a need 
for an improved collision detection and countermeasure 
system that provides improved stiffness compatibility for 

various collision event situations and conditions. 
Summary of Invention 



[0010] The present invention provides an adaptive collision load 
path modification system for a vehicle. The system in- 
cludes multiple object detection sensors that generate 
object detection signals. The system may include a struc- 
tural stiffness-adjusting device, which is coupled within a 
frame rail of the vehicle, and in addition or alternatively a 
tire deflation apparatus. A controller is coupled to the ob- 
ject detection sensors and through use of the structural 
stiffness-adjusting device or the tire deflation apparatus 
adjusts collision load paths of the vehicle in response to 
the object detection signals. In so doing, the controller 
may activate the structural stiffness-adjusting device and 
deflate a tire of the vehicle. 

[0011] The embodiments of the present invention provide several 
advantages. One such advantage is the provision of a col- 
lision load path modification system that includes a struc- 
tural stiffness-adjusting device, which when activated in- 
creases the stiffness of a frame rail, thereby altering the 
collision load levels and collision load paths. In so doing, 
the stated embodiment minimizes intrusion into a vehicle 
occupant compartment and injury to vehicle occupants 
therein. 

[0012] Another advantage provided by an embodiment of the 



present invention is the provision of a collision load path 
modification system that includes a tire deflation appara- 
tus that may be used to selectively deflate tires of a vehi- 
cle, thus also modifying collision load paths of the vehicle 
during a collision event. The stated embodiment also aids 
in the minimization of intrusion into a vehicle occupant 
compartment and injury to vehicle occupants. 

[0013] Furthermore the combinative use of the above stated em- 
bodiments provides increased control of load path routing 
during a collision event. 

[0014] Moreover, the present invention provides collision threat 
assessment and countermeasure capabilities for improved 
load path routing performance during a collision event in- 
cluding timing, activation, and deflation, of system de- 
vices. 

[0015] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying figures. 
Brief Description of Drawings 

[0016] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 



scribed below by way of examples of the invention 
wherein: 

[0017] Figure 1 is a block diagrammatic view of an adaptive colli- 
sion load path modification system for a vehicle in accor- 
dance with an embodiment of the present invention; 

[0018] Figure 2 is a perspective view of a vehicle front structure 
having structural stiffness-adjusting devices within frame 
rails of the vehicle in accordance with an embodiment of 
the present invention; and 

[0019] Figure 3 is a logic flow diagram illustrating a method of 
modifying collision load paths of the vehicle during a col- 
lision event in accordance with an embodiment of the 

present invention. 
Detailed Description 

[0020] In the following figures, the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to a system 
and method of modifying collision load paths of a vehicle, 
the present invention may be adapted to be used in vari- 
ous applications and systems including: countermeasure 
systems, vehicle systems, or other systems known in the 
art. The present invention may be used in conjunction 
with, may be supplemental to, or may be an integral part 



of various safety and countermeasure systems known in 
the art. The present invention may share components of 
existing safety systems and operate dependently or inde- 
pendently therefrom. 

[0021] In the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0022] Also, in the following description the term "performing" 
may include activating, deploying, initiating, powering, 
and other actions known in the art that may describe the 
manner in which a countermeasure may be operated. 

[0023] Additionally, in the following description the term "coun- 
termeasure" may refer to an object or may refer to an ac- 
tion. For example, a countermeasure may be performed or 
a countermeasure may be activated. An airbag is a coun- 
termeasure. A controller may perform a countermeasure 
by signaling the airbag to deploy. 

[0024] Moreover, a countermeasure device may be any device 
within an automotive vehicle that is used in conjunction 
with a collision countermeasure system including: a con- 
troller, a vehicle system, an indicator, or other counter- 
measure device known in the art. 



[0025] In addition, the term "collision type" refers to collision 

severity and collision contact location of a collision. Colli- 
sion type may include whether a collision is a partial over- 
lap, frontal, oblique, side, rear, or head-on collision, as 
well as refer to other collision location type descriptions 
known in the art. A collision type may also include infor- 
mation related to relative size, weight, speed, and heading 
of a collision object, as well as other collision type related 
information known in the art. 

[0026] Referring now to Figure 1, a block diagrammatic view of 
an adaptive collision load path modification system 10 for 
a host vehicle 12 in accordance with an embodiment of 
the present invention is shown. The system 10 includes 
multiple object detection sensors 14, vehicle travel path 
detection sensors 16, a controller 18, and various other 
countermeasure system devices, some of which are stated 
below. 

[0027] The object detection sensors 14 are used in the detection 
of objects, the detection of a collision, the assessment of 
a collision, the determination of the severity and collision 
contact location of a collision, and the determination of a 
collision type. The object detection sensors 14 generate 
object detection signals, which may include object param- 



eter information related to relative speed, heading, loca- 
tion, weight, and size of objects in a close or proximate 
vicinity of the vehicle. The object detection sensors 14 
may include a vision system 20 having vision sensors, 
such as cameras 22, as well as radar sensors 24 (only one 
is shown), lidar sensors 26 (only one is shown), and other 
object detection sensors known in the art. 

[0028] In one embodiment of the present invention, the object 
detection sensors 14 include a vision system supple- 
mented with a radar sensor or a lidar sensor for improved 
performance during adverse weather conditions. The vi- 
sion system 20 may be located behind the rearview mirror 
in the passenger compartment of the vehicle 12. The 
radar sensors 24 and lidar sensors 26 may be located near 
a front bumper of the vehicle 12. 

[0029] The object detection sensors 14 may include collision de- 
tection sensors 28, such as accelerometers and contact 
sensors. When contact or patch like sensors are utilized, 
the collision sensors 28 may generate collision detection 
signals in response to the force exerted across the surface 
area of each sensor 28. The collision sensors 28 may be in 
the form of discretized patch sensors or the like. Patch 
sensors provide a surface area of contact for collision de- 



tection as opposed to accelerometers that provide single 
point detection. 

[0030] The path detection sensors 16 are used to determine the 
path at a current moment in time and may be used to es- 
timate a future vehicle path or road curvature. The path 
detection sensors 16 may include one or more yaw rate 
sensors 34 and a steering wheel angle (SWA) sensor 36, as 
shown, as well as other vehicle travel path detection sen- 
sors known in the art. 

[0031] The controller 18 monitors the object detection sensors 
14, the path detection sensors 16, the collision detection 
sensors 28, and assesses threat of a collision and deter- 
mines collision severity and collision contact location. The 
controller 18 may perform countermeasures in response 
to the collision threat, the collision severity, and the colli- 
sion contact location. 

[0032] The controller 18 is not only coupled to the object detec- 
tion sensors 14, the path detection sensors 16 and the 
collision detection sensors 28, but is also coupled to a 
memory 40, a timer 42, and various countermeasure de- 
vices 44. The controller 18 may be microprocessor based 
such as a computer having a central processing unit, 
memory (RAM and/or ROM), and associated input and 



output buses. The controller 18 may be in the form of an 
application-specific integrated circuit or may be formed of 
other logic devices known in the art. The controller 18 
may be a portion of a central vehicle main control unit, an 
interactive vehicle dynamics module, a main safety con- 
troller, a restraints control module, or may be a stand- 
alone controller as shown. Each of the tire deflation appa- 
ratuses 48 have a subscript designator based on their lo- 
cation within the vehicle 12. 

[0033] The controller 18 is coupled to multiple countermeasure 
systems and devices 44. The countermeasure systems and 
devices 44 may be active or passive in nature. In multiple 
embodiments of the present invention, the controller 18 is 
coupled to structural stiffness-adjusting devices 46 and 
tire deflation apparatuses 48. 

[0034] Referring now to Figure 2, a perspective view of a vehicle 
front structure 50 having a pair of stiffness-adjusting de- 
vices 46 coupled within a pair of frame rails 54 of the ve- 
hicle 12 is shown in accordance with an embodiment of 
the present invention. A first stiffness-adjusting device 56 
is located within a left frame rail 58 and a second stiff- 
ness-adjusting device 60 is located in a right frame rail 
62. The first stiffness-adjusting device 56 is in the form 



of an air bag. The second stiffness-adjusting device 60 is 
in tlie form of a magneto-rlieological device having an 
outer housing 64 at least partially filled with a magneto- 
rheological material 66. Properties of a magneto-rheo- 
logical device change when a magnetic field is applied to 
the material contained therein. The stiffness-adjusting 
devices 46 although shown in the form of an air bag, a 
magneto-rheological device, may be in some other form 
having similar properties such that they are capable of 
quickly varying in stiffness. Also, any combination of stiff- 
ness-adjusting devices may be utilized. 
[0035] The stiffness-adjusting devices 46, although shown as 
being coupled within frame rail kick-up areas 68 of the 
structure 50, between a front suspension 70 (not shown) 
and a vehicle occupant compartment 72, may be located 
in various other frame rail locations. The term "frame rail" 
refers to a structural supporting member having a cross- 
sectional perimeter that surrounds the stiffness-adjusting 
device, such as a tubular frame section having a rectangu- 
lar or other cross-sectional shape. The frame rails 58 and 
62 do not need to fully encase the stiffness-adjusting de- 
vices 46, but yet they do sufficiently enclose the stiffness- 
adjusting devices 46 such that bending stiffness of the 



frame rails 58 and 62 can be altered during a collision 
event. 

[0036] Referring again to Figure 1, the tire deflation apparatuses 
48 may be in the form of pyrotechnic elements or other 
devices, which allow for quick deflation of one or more 
tires 76 of the vehicle 12. During a collision event the 
controller 18 may deflate one or more of the tires 76 
through use of the deflation apparatuses 48 in order to 
modify load paths of a collision. The tire deflation appara- 
tuses 48 may be located within close proximity of the tires 
76, such as in an axel or wheel or tire valve, or may be in 
other various locations on the vehicle 12. 

[0037] The countermeasure systems 44 may also include other 
air bags, seat belt restraint systems, belt pretensioners, 
load limiting seat belts, steering control, brake control, 
and various other passive and active countermeasures 
known in the art. 

[0038] The controller 18 is also coupled to a speed sensor 80. 
The speed sensor 80 generates a speed signal indicative 
of the traveling speed of the vehicle 12. 

[0039] Referring now also to Figure 3, a method of modifying 
collision load paths of the vehicle 12 during a collision 
event in accordance with an embodiment of the present 



invention is sliown. 

[0040] In step 100, the controller 18 monitors the object detec- 
tion signals received from the object detection sensors 
14. In step 102, the controller 18 identifies objects within 
a close proximity of the vehicle 12 and classifies the ob- 
jects. The classification may include information from the 
above-mentioned object parameters. The object classes 
may include heavy trucks, light trucks, sport utility vehi- 
cles, passenger vehicles, motorcycles, pedestrians, poles, 
or other classes known in the art. 

[0041] In step 104, the controller 18 determines the relative ve- 
locity of the detected objects. The radar sensor 24, the li- 
dar sensor 26, or the vision system 20 may be used to de- 
termine the relative velocity of the detected objects. The 
relative velocity of the detected objects may be used for 
collision threat assessment. 

[0042] In step 106, the controller 18 assesses the threat of a col- 
lision in response to the classification of each object. The 
controller 18 determines whether a potential collision may 
occur. The controller 18 determines whether the objects 
are a threat and the level of the threat based on the rela- 
tive size, speed, heading, weight, and location of each ob- 
ject. The controller 18 generates a threat assessment sig- 



nal in response to the determined tlireat level of eacli ob- 
ject. 

[0043] In step 108, the controller 18 compares the threat assess- 
ment signal with threat threshold values. When the threat 
assessment signal exceeds a threat threshold value the 
controller 18 performs step 110, otherwise the controller 
18 returns to step 100. 

[0044] In step 110, the controller 18 determines the collision 
type in response to the object parameters and the colli- 
sion threat assessment. The collision type may include 
any and all of the previously stated information related to 
collision type. The controller in determining collision type, 
determines whether the collision is a full frontal collision, 
a partial frontal collision, or other type of collision. 

[0045] In step 112, the controller 18 determines whether the rel- 
ative velocity determined in step 104 is greater than or 
equal to approximately 23 kilometers per hour (kmph). 
When the relative velocity is greater than or equal to 23 
kmph the controller 18 proceeds to step 114, otherwise 
the controller returns to step 100. 

[0046] In step 114, the controller 18 determines whether the fu- 
ture potential collision is a partial frontal collision. In one 
embodiment of the present invention, when the collision 



is a partial frontal collision the controller 18 proceeds to 
step 116, otherwise the controller performs step 118. 

[0047] In step 116, the controller 18 pre-arms one or more of 
the stiffness-adjusting devices 46 for actuation. In step 
120, the controller 18 verifies that a collision has occurred 
via the collision detection sensors 28. The collision sen- 
sors 28 generate the collision detection signals indicative 
of whether a collision has occurred. Upon completion of 
step 120 the controller 18 may perform step 122, step 
124, or a combination thereof. 

[0048] In step 122, the controller 18 activates one or more of the 
stiffness-adjusting devices 46. In the above example em- 
bodiment when the collision is a partial frontal collision, 
the controller 18 activates the stiffness-adjusting device 
that is on the collision side of the vehicle 12. The collision 
side of the vehicle may refer to the left-side or the right- 
side in the front or in the rear of the vehicle, or a combi- 
nation thereof. In step 124, the controller 18 deflates one 
or more of the vehicle tires 76 through use of the tire de- 
flation apparatuses 48. 

[0049] In step 118, the controller 18 determines whether the ob- 
ject of concern is a large object, such as a large truck or 
sport utility vehicle. In step 126, when the object of con- 



cern is a large object, the controller 18 pre-arms the stiff- 
ness-adjusting devices 46. In step 128, the controller 18 
confirms a collision has occurred via the collision detec- 
tion sensors 28, as described above. In step 130, the con- 
troller 18 activates the stiffness-adjusting devices 46 on 
both sides of the vehicle 12. 

[0050] When the object of concern is not a large object, the con- 
troller 18 performs step 132. In step 132, the controller 
18 determines whether the relative velocity is approxi- 
mately greater than or equal to 64 kmph. When the rela- 
tive velocity is greater than or equal to 64 kmph steps 
126, 128, and 130 are performed, otherwise the con- 
troller 18 returns to step 100. 

[0051] The above-described steps are meant to be illustrative 

examples; the steps may be performed sequentially, syn- 
chronously, simultaneously, or in a different order de- 
pending upon the application. Also, although the above- 
described method steps address structural stiffness mod- 
ification, method steps may also include those that ad- 
dress performance of other countermeasures systems and 
devices. 

[0052] The present invention provides an adaptive collision load 
path modification system that minimizes intrusion into a 



vehicle occupant compartment of a vehicle. The present 
invention provides capability for adjusting stiffness of a 
vehicle structure and deflation of vehicle tires in the event 
of a collision. The present invention accurately modifies 
the load paths of a vehicle through assessment of a colli- 
sion prior and during a collision event. 
[0053] jhe present invention provides improved collision assess- 
ment for improved safety system and countermeasure 
performance. 

[0054] While the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



